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Improvement of Aluminum- Si Contact 
Performance in Native-Oxide-Free 
Processing 
Abstract-The improvement of Al-to-% contact performance, such as 
a low contact resistance of 0.4 p n  cm2 and a Schottky junction having 
an n factor of 1.02 without any thermal treatment, has been achieved by 
the newly developed native-oxide-free processing, which consists of 
processes such as N, gas sealed wet cleaning using pure water with low 
dissolved oxygen (20 ppb), wafer transport and loading in an N, 
environment, and AI deposition by low-energy ion bombardment. 
I. INTRODUCTION 
S DEVICE geometry has been scaled down to submi- A crometer areas, the parasitic resistance in an intercon- 
nection structure is going to increase in significance because 
the contact resistance increases at contact holes. Therefore, a 
low and stable contact resistance to shallow n+ and p+layers 
is required in order to realize highly reliable submicrometer 
ULSI'S . 
However, native silicon oxide layers are easily formed on 
Si surfaces in an environment of coexistence of oxygen and 
water (moisture) [l], [2], and consequently give rise to an 
increase of the contact resistance with accompanying in- 
creases of their nonuniformity and fluctuation. In order to 
solve these problems, it is essential to develop native-oxide- 
free processing. Particularly, the highly doped n+ region is 
immediately oxidized even in a rinsing process in ultrapure 
water having a high dissolved oxygen concentration (600 
ppb), which mainly comes from the diffusion of oxygen in air 
to the ultrapure water. Therefore, we have developed net wet 
cleaning equipment where ultrapure water and a diluted HF 
vessel are sealed by N, gas. By using this equipment, the Si 
substrate surface is chemically etched with diluted HF acid 
dip, rinsed in water with low dissolved oxygen (20 ppb), and 
dried with N, gas blowing in an N, environment (hereafter 
called as the N-process). 
This paper describes improvements of Al/n+-Si contact 
resistance down to 0.4 p a  - cm2 and the performance of a 
Schottky junction of Al/n-Si without any thermal treatment. 
These high performances are achieved by an introduction of 
an N, gas sealed cleaning and drying process, wafer trans- 
port in the N, environment, and A1 film deposition by 
low-energy ion-bombardment bias sputtering [3 1. In addition, 
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Fig. 1. XPS Si,, spectra of n+-Si surface in the N-process (solid) and 
strated to be drastically improved compared to that in a 
conventional process. 
11. EXPEFUMENTS AND RESULTS 
In order to confirm the effect of the N, gas sealed rinsing 
and drying process on the suppression of native oxide growth, 
the existence of native oxide layers on the n+-Si surface has 
been evaluated by X-ray photoelectron spectroscopy (XPS). 
Fig. 1 shows the XPS Si,, spectra from silicon oxide on the 
n+-Si surface obtained in the N-process and in the conven- 
tional one (C-process). In the air, the C-process is to perform 
succeeding processes such as HF dipping, rinsing in pure 
water with a dissolved oxygen concentration (600 ppb), and 
drying with N, gas blowing. It is seen from Fig. 1 that the 
height at which Si,, peaks from SiO, (0 5 x s 2) in the 
N-process is significantly lower than that in the C-process. 
The N-process, therefore, has been confirmed to be very 
effective in preventing the native oxide layers from growing 
on the n+-Si surface. 
Contact resistance is measured by the four-point probe 
Kelvin method [4]. The n+ regions are formed by implanting 
1 x 10l6 cmP2 of arsenic at 70 keV and annealing at a 
temperature of 1OOO"C for 10 min in an N, gas ambient. As 
a result, the sheet resistance and the surface carrier concen- 
tration are 30 O/O and 0.8 x 10,' ~ m - ~ ,  respectively. In 
the A1 sputtering. chamber, the in-situ substrate surface 
cleaning [5] is carried out in order to remove the adsorbed 
impurity molecules by Ar ion bombardment having an energy 
of 2 - 3 eV at a working gas pressure of 8 x torr. 
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Fig. 3.  Contact resistance of Al/n+-Si (100) as a function of temperature. 
Then A1 films are deposited on the substrate under the 
optimum condition Ar ion bombardment energy of 50 eV at a 
working pressure of 3 x 1 0 - ~  torr at room temperature, 
using the ultrahigh-purity Ar gas supplied through the ultra- 
clean gas delivery system [6]. The main component of impu- 
rities in Ar gas is H,O, which has been reduced to about 
2 - 3 ppb or below at the inlet to the chamber. The base 
pressure of the main chamber is about 1 x torr. The 
measured contact resistance of samples in the N-process 
becomes as small as 0.4 p Q .  cm’ without any thermal 
treatment, as illustrated in Fig. 2. This value is nearly equal 
to the conventional one obtained after 450-500°C annealing 
[7], [8]. Furthermore, it is seen from Fig. 2 that the fluctua- 
tions of the contact resistances in the N-process are decreased 
by a factor of 3 compared to those in the C-process. Temper- 
ature dependence of the contact resistance has been evaluated 
in the range from 27 to 300 K. It is clearly seen in Fig. 3 that 
the contact resistance slightly decreases with a decrease of 
ambient temperature. This tendency is similar to the theoreti- 
cal calculation [9] in the range of surface impurity concentra- 
tion beyond 3 x l O I 9  cmp3. 
These three processes for metallization, i.e., the N, gas 
sealed cleaning and drying process, wafer transport in an N, 
environment, and A1 deposition by low-energy ion bombard- 
ment bias sputtering, are essentially required for the im- 
provement of the electrical characteristics of the metal-to-Si 
interface. Ignoring any one of these processes leads to the 
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Fig. 4. Arrhenius plot of J o / T 2  for the N-process sample. 
the contact resistance degrades to a few p Q  cm2 where the 
wafer surface is exposed to the clean room atmosphere 
having a temperature of 23°C and relative humidity of 40% 
for 30 min after N, gas sealed cleaning and drying, as shown 
in Fig. 2. As for the conditions of A1 deposition, we have 
evaluated the n factor of a Schottky diode on n-type (100) Si 
wafers with an impurity concentration 2 x l O I 4  cmP3. The n 
factor is 1.02 for the sample fabricated under the optimum 
ion-bombardment condition of 2 - 3 eV for in-situ cleaning 
and 50 eV for A1 deposition, thus showing the formation of 
an ideal Schottky diode. The Schottky barrier height is 0.77 
eV, which is determined from the plot of In ( J o / T 2 )  against 
reciprocal temperature ( l / T )  as shown in Fig. 4, where J,  
is the saturation current at a reverse-bias voltage of 0.1 V. 
On the other hand, the n factors for the samples in the 
N-process with and without in-situ cleaning under a higher 
Ar ion bombardment energy of 50 eV degrade to 1.1 and 
1.25, respectively. It is found that in-situ cleaning under the 
optimum ion energy is required to remove contaminant 
species, such as moisture molecules adsorbed on the substrate 
surface during transporting and loading to the chamber, even 
in the N-process. 
111. CONCLUSION 
Native-oxide-free processing has been demonstrated to im- 
prove Al-to-Si contact performance such as low contact 
resistance, the stability of its contact resistance, and an ideal 
Schottky diode without any thermal treatment. 
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